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ABSTRACT
Forest habitat in the tropics is being converted at an alarming rate into agricultural lands. The result is loss
of global biodiversity at accelerating rates. Butterflies are common indicator species of how biodiversity
responds to changing land use. Here butterflies were used to examine the potential impact of different
agricultural practices in Monteverde, Costa Rica. Butterflies were trapped in forest, banana, coffee, and
pasture. This study found that coffee plantations support significantly greater species diversity (x2 P <
0.005), than banana or pasture. The forest patch was found to support the greatest number of forest
dependent species although numbers of these indicator species were comparably high in coffee and banana
as well. Forest species were almost absent in pasture and along edge. This suggests that there are crops,
which better approximate forest conditions, while drastic land transformations have a large detrimental
impact on biodiversity.

RESUMEN
El hábitat del bosque tropical se esta convirtiendo, a una velocidad alarmante, a uso agrícola. Esta es la
causa de la perdida de la biodiversidad mundial. Las mariposas son especies que pueden indicar como la
biodiversidad responde a un cambio en el uso de la tierra. Aquí las mariposas fueron usadas para examinar
el impacto potencial de los usos agrícolas en el área de Monteverde, Costa Rica. Las mariposas fueron
atrapadas en el bosque, plantaciones de bananos, café y un pastizal. Este estudio encontró que el café
mantiene una diversidad significativa mas alta (x2 p < 0.005) que el banano o el pastizal. El parche de
bosque mantiene el número mayor de especies que necesitan del bosque pero también los números de estas
especies indicadoras fueron relativamente altos en el café y los bananos. Las especies del bosque casi no se
encontraron en el pastizal y en el borde del bosque. Esto sugiere que hay cultivos que pueden aproximarse
a las condiciones de bosque, mientras que en las otras donde hay transformaciones drásticas se presenta un
gran impacto en la biodiversidad.

INTRODUCTION
Human domination of the Earth is having a significant impact on physical, chemical and
biological systems (Vitousek et al. 1997). Forests are being lost at accelerating rates to
agriculture, forestry, land clearing, and urbanization (Lubchenco 2000). Laurance et al.
reported in 1997 that 15,000,000 ha of forest are cleared and fragmented annually.
Studies have found that deforestation rates doubled between 1980 and 1990 from 0.9% of
remaining forest being cut per year to 1.8% in 1990 (Terborgh 1992). Costa Rica has
been a participant in this trend of deforestation; since 1950 over two thirds of its forests
have been cleared (Guindon 1997). The most widespread and damaging changes for
tropical areas result from land transformation (Sala et al. 2000). Land transformation is
also the largest factor behind decreasing biodiversity (Vitousek et al. 1997). Agriculture

is often the impetus behind deforestation. Current estimates suggest that of the 39-50%
of the Earth's surface used for human use, ten to fifteen percent is devoted to row crop
agriculture and another six to eight percent is used for pasturelands (Vituousek et al.
1997). Clearing forest for timber or converting it to agricultural land gives rise to local
extinctions of species (Sala et al. 2000). The consequences of local extinctions include a
loss of genetic diversity. Genetic diversity is the source of biological diversity on all
levels, allows populations to evolve and adapt to change, creates ecosystem structure,
community composition, and generates ecosystem processes (Ledig). The rate of global
extinctions today is 100-1000 times the extinction rates prior to human dominance
(Vitousek et al. 1997).
Biodiversity loss occurs even when forest is left standing. Forest fragments are
affected by land transformations around them due to edge effects (Pimm 1998). Abiotic
consequences of edge include increases in temperature extremes, solar radiation, and
wind damage, as well as reduced moisture levels (Laurance et al. 1997). Organisms can
be either positively or negatively affected by these changes, leading to extinctions or
competitive advantages depending on the needs of the species (Schlaepfer 2001). The
Great Kiskadee is an example of a bird that prefers open spaces; in areas of human
disturbance its populations have increased in abundance (Stiles 1989). Studies have
found that expanding populations of overabundant native species can have the same
detrimental effect on biodiversity as exotic species. These common species monopolize
resources, increase the prevalence of disease, and alter relative abundances of other
species thus reducing natural biodiversity (Loope 1997).
Ecologists commonly use butterflies as indicator species of ecosystem health.
Butterflies work well for the development of ecological theories because their
populations are structured in a manner consistent with metapopulations and their ecology
is widely understood (Thomas and Hanski 1997). Butterflies are also well studied and
easily trapped (Daily and Ehrlich 1995). Biodiversity of most taxa occurs in forest
habitats (Daily and Ehrlich 1995); 90% of Neotropical butterfly species are dependent on
forest habitat, as opposed to open and edge areas (Beccaloni and Gatson 1995).
Studies of butterfly indicator species along forest edges have demonstrated
changes in environmental conditions due to edge effects extending as far as 100-250 m
from the edge (Brown and Hutchings 1997). Because of these factors, shade-loving
species are likely to become extinct in small forest patches and reserves unless these
areas have links to larger forests. Populations of Morphinae, Brassolinae and Charaxinae
have declined in small, isolated reserves, likely because these butterflies are dependent on
large foraging areas. Butterfly species dependent on ruderal plants have begun invading
forest fragments while sun-loving butterflies have been discovered in large numbers in
forest clearings that are distant from edges.
This study examines the impact of three forms of agricultural land use on
frugivorous butterfly abundance and species richness. The study is composed of a central
forest patch surrounded by pasture, bananas, and coffee, allowing a transect line to extend
from the forest into each of these agricultural areas. Change in butterfly population
composition from forest to agriculture may be related to the ability of the crop to mimic
forest structural conditions. Coffee may best approximate understory conditions while
banana may mimic sub canopy conditions; pasture, of course, is a complete departure
from forest conditions. Therefore species diversity in banana and coffee was expected to
be less than that of the forest patch but much closer than species diversity in the pasture.

High abundance of a few common species was anticipated for the pasture.

METHODS
Study Site

This study was conducted in premontane moist forest (Holdridge 1967) in Cañitas, using
a central three-hectare patch of forest and surrounding agriculture. Land outside the
forest patch has been converted into a one hectare coffee plantation, 1.5 hectares of
pasture, and a 30 m by 70m plot of bananas. Each of the three study areas contained six
butterfly traps spaced fifteen meters apart; three were placed in the agricultural area, one
on the forest-agriculture boarder or forest edge, and two within the forest (Figure 1). The
nets hung 0.25 to one meter from the ground.
The traps were composed of 25 by 65 cm pieces of netting made into cylinders,
framed by two wire hoops. The top was closed by netting as well; a plastic dish was
hung from the bottom to hold bait. Each trap received approximately 100 ml of bait,
which was composed of mashed rotting bananas, molasses, and beer, daily. It was either
set out at 10 am the day before study or before 7 am the day of the study. Species
diversity and number of individuals per species in each trap were recorded each day
during this fifteen-day study.

RESULTS
Overall Data

During the fifteen day trapping period, a total of 33 different species of butterflies were
caught and identified in the various study sites. These were classified by habitat
preference: fifteen were classified as forest dependent species, seven as forest edge
species, six as generalists, and one as an open area species (DeVries 1987; Appendix 1).
Species normally found in forest (as per DeVries 1987) are used as indicators of forestlike conditions.
Chi-square tests were run to relate butterfly species abundance, richness, and
diversity across five habitat types. Each of the three agricultural systems had three traps,
as there were also three edge traps, and six traps within the forest. Overall butterfly
abundance by habitat type was found to be statistically significant. There was lower
abundance in the forest (n = 10.3 total), where species abundance was just half of banana
(n = 14.7 total) and a third of coffee (n = 23.7 ; X 2= 18.593, p = 0.045, DF = 10; Figure
2). Overall butterfly species richness was not found to be statistically significant between
habitats. However, the forest edge traps generally contained about a third as many
species as found in bananas and coffee. Traps within banana caught between five, six,
and nine different species over the course of the study; the traps within the coffee
plantation caught between six and eleven different species, much more than edge traps which
caught two, three and two different species (Figure 3).
Shannon-Weiner diversity indices found species diversity to be lowest in the pasture
(H' = 0.342) and forest boarder traps (H' = 0.737; Figure 4). Diversity values were similar
for banana, forest, and coffee traps (H' = 1.33, 1.40, and 1.63 respectively). Forest
demonstrated a more even abundance of fewer species, as suggested by its low richness but
high diversity.

A Chi-square test comparing butterfly habitat preference to location (coffee, banana,
pasture, forest, edge) was significant (X2= 12.29, p < 0.005, DF = 2). Forest harbored the
greatest number of forest dependent species, nine out of a possible fifteen; likewise its
species composition was 53% forest dependent species. Seven forest dependent species were
found in coffee composing 41% of the total species catch in that area while 50% or five of the
species found in banana were forest dependent species (Table 1). Both pasture and edge
contained only two of the indicator forest species suggesting forest dependent species are
adversely affected by edge and pasture conditions.

Gradient Analysis
Over the course of the study, the mean total abundance of individual butterflies captured per
trap was greatest in coffee and pasture (23.57 ± 8.96 individuals and 24.00 ± 4.36
individuals respectively). Abundance was three times lower in forest traps (8.40 ± 6.86
individuals) and four times lower in edge traps (5.33 ± 2.52 individuals); (Figure 5 A). Mean
species richness per trap was four times as great in coffee (8.00 ± 2.65 species) as in the
lowest area, edge (2.33 + 0.58 species; Figure 5 B). Mean species diversities per trap show
coffee contained the greatest diversity (H' = 1.62 ± 0.02) but values in banana and forest
were high as well (H' =1.33 ± 0.14 and H' = 1.40 ± 0.29 respectively; Figure 5 C).
Significantly fewer individual butterflies visited traps in bananas on a per trap per day
basis than those in coffee or pasture (Fishers PLSD post hoc test, p = 0.0351, and p = 0.0251;
Table 2). Species richness on a per trap per day basis was significantly greater in coffee than
banana or pasture (Fishers PLSD post hoc test, p = 0.0076 and p = 0.0258; Table 3).
However, as seen in Figures 6 A and 6 B, the differences in numbers of individuals or
species visiting each trap each day are slight due to low capture rates. Mean numbers of
butterfly individuals visiting each trap each day only ranged from 0.200 ± 0.414 butterflies
each day in one forest trap to 2.400 ± 3.869 butterflies a day in one coffee trap.
Inconsistencies in the numbers of individuals visiting forest traps indicate high trap variance
(as high as 1.467 individuals per day in one forest trap compared to only 0.200 butterflies
per day in another within the same habitat). These trends hold for species richness per trap
per day as well. Greatest species richness per day was found in a coffee trap (1.333 ± 1.676
species). This is barely one species per day greater than the trap with the lowest species
richness per day (an edge trap with 0.200 ±.561 species per day). Heavy winds and rainy
weather created conditions which detrimentally affected the numbers of butterflies caught
during the second week of study. Mean abundance and richness per trap per day decreased
in almost all cases while some traps were not visited by any butterflies during this time.

DISCUSSION
Overall trends in butterfly visitation of traps indicate that the forest fragments approximate
intact forest better than any of the agricultural systems. Species diversity within the forest
was relatively high with highest evenness. Perhaps most importantly to biodiversity
conservation, the forest fragment supported more of the forest dependent indicator species
than any other habitat studied. Still 47% of the species found within the fragment were
species that either thrives on disturbance (edge and open area species) or are unaffected by it
(generalists). This is indicative of the fact that small patches are insufficient in terms of
sustaining biodiversity. Studies have found depauperate levels of biodiversity and high

abundance of common disturbance species in patches smaller than 25 hacetares (Daily and
Ehrlich 1995).
Of the agricultural habitats, both coffee and banana demonstrated high values for
Shannon-Weiner species diversity, and both were close to forest in numbers of forest
dependent species present. Of the two, both individual butterfly abundance and butterfly
species richness were greater in coffee. As compared to unprotected pasture and edges,
coffee and banana provide more protection from sun and wind, acting as a more suitable
environment for forest butterflies. They also have more resources to attract frugiverous
butterflies.
Trends showed the unsuitable nature of both pasture and edge for supporting indicator
species; butterfly diversity in general was also much lower in these areas. Pasture especially
was characterized by the presence of a few highly abundant species supporting Lugo's
findings that human disturbance of natural habitat decreases biodiversity while encouraging
the immigration of cosmopolitan or common species (1988).
Butterfly indicator communities suggest that while forest fragments are far from ideal
protectors of biodiversity, they better approximate the conditions found in intact forest than
any form of agriculture. Surprisingly species diversity was almost equal between the forest
patch, coffee, and bananas; the amount of forest dependent species found in coffee and
banana nearly matched the numbers of these species found in forest. Abundance was higher
in both crops than in pasture, and coffee had the greatest species richness of all studied
habitats.
These results provide a stark contrast to the diversity values of pasture, making an
obvious case for the different effects of various agricultural practices on butterfly
populations. Land transformation with the intent to grow coffee or banana may be a less
drastic change in habitat than turning forest into grazing lands. The implications of these
results may be of particular importance around reserves or areas of high biodiversity and/or
endemism. Surrounding these sensitive areas with the least damaging practices may
optimize the amount of biodiversity that can be preserved. Agriculture should focus on the
potential of some crops to closely approximate forest conditions. If the goal of conservation
is to protect biodiversity in terms of endemic and original community member species rather
than just overall numbers of species, future experiments should test to see if any human uses
of land support this type of biodiversity, or if natural habitat alone has the capability.
Conservation of local endemic species prevents the homogenization of the Earth's biota
(Lugo 1988) and protecting original community members, endemic or not, conserves
populations, thereby safeguarding genetic diversity (Ledig).

ACKNOWLEDGMENTS
Many thanks to Alan Masters for all of his help and his incredible patience! If it weren't for Andrew
Rodstrom the computers would have caused me to have had multiple nervous breakdowns at this point. Oh
yeah and for throwing his rocking Halloween party. Thanks to Will Weider for more getting me out of still
more computer messes and for helping with stats and revisions. I also have to thank Mauricio Garcia and
Karen Masters for all their help with so many things this semester. Much appreciation to the Santamaria
family for allowing me to conduct my study on their beautiful farm. Lastly all my love to all you locos
(students and prof-types) who have shared these past three months with me and given me more support and
laughs than I could ever ask for.
______________________________________________________________________________________________

LITERATURE CITED
Beccaloni, G. and K. Gaston. 1995. Predicting the Species Richness of Neotropical Forest Butterflies:
Thomiinae (Lepidoptera: Nymhalidae) as Indicators. Biological Conservation 71: 77-86.
Brown, K. and R. Hutchings. 1997. Disturbance, Fragmentation, and the Dynamics of Diversity in
Amazonian Forest Butterflies. In: Tropical Forest Remnants. W. Laurance and R. Bierregaard, ed.
University of Chicago Press Chicago, IL, pp. 91-108.
Daily, G. and P. Ehrlich. 1995. Preservation of Biodiversity in Small Rainforest Patches: Rapid
Evaluations using Butterfly Trapping. Biodiversity and Conservation. 4: 35-55.
Devries, P. 1987. The Butterflies of Costa Rica and their Natural History: volume 1. Princeton University
Press, Princeton, NJ.
Guindon, C.F. 1997. The Importance of Forest Fragments to the Maintenance of Regional Biodiversity
Surrounding a Tropical Montane Reserve. Costa Rica. Yale University.
Holdridge, L. 1967. Life Zone Ecology. Tropical Science Center San José, Costa Rica.
Laurance, W., S. Laurance, L. Ferreira, J. Rankin-de Merona, X. Gascon, and T. Lovejoy. 1997. Biomass
Collapse in Amazonian Forest Fragments. Science 278: 494-499.
Ledig, F. Secret Extinctions: the Loss of Genetic Diversity in Forest Ecosystems. In: Our Living Legacy:
Proceedings of a Symposium on Biological Diversity. M. Fenger, E. Miller, J. Johnson, and E.
Williams, eds. Royal British Columbia Museum, Victoria, B.C., pp. 127-140.
Loope, L. 1997. The Hawaiin Islands as a Laboratory for Addressing Alien Species Problems. In:
Principles of Conservation Biology. G. Meffe and C. Carroll. Sinauer Associations Inc., MA, pp.
259-267.
Lubchenco, Jane. 2000. Entering the Century of the Environment: A New Social Contract. Science 279:
491-497.
Lugo, A. 1988. Estimating Reduction in the Diversity of Tropical Forest Species. In: Biodiversity. E.O.
Wilson, ed. National Academy Press, Washington D.C., pp. 58-70.
Pimm, S. 1998. Forest Fragment Classic. Nature 393: 23-24.
Sala, Osvelado, F. Chapin Ill, J. Armesto, E. Below, J. Bloomfield, R. Dirzo, E. Huber-Sanwald, L.
Huenneke, R. Jackson, A. Kinzig, R. Leemans, D. Lodge, H. Mooney, M. Oesterheld, N. Leroy
off, M. Sykes, B. Walker, M. Walker, and D. Wall. 2000. Global Biodiversity Scenarios for the
Year 2100. Science 287: 1770-1774.
Schlaepfer, Martin and Thomas Green. 2001. Edge Effects on Lizards and Frogs in Tropical Forest
Fragments. Conservation Biology 15: 1079-1090.
Smith, Stephen. Fall 2000. Changes in Hummingbird Species Richness and Abundance in Forest Fragment
and Agricultural Ecotones. Tropical Ecology and Conservation.
Stiles, F.G. and A.F. Skutch. 1989. A Guide to the Birds of Costa Rica. Comstock Publishing, Ithaca, New
York.
Terborgh, John. 1992. Diversity and the Tropical Rain Forest. Scientific American Library, New York pp.
190-191.
Thomas, C. and I. Hanski. Butterfly Metapopulations. In: Metapopulation Biology. I. Hanski and M.
Gilpin, ed. Academic Press, New York, p. 359.
Vitousek, P., H. Mooney, J. Lubchenco, and J. Melillo. 1997. Human Domination of Earth’s Ecosystems.
Science 278: 35-37.

Table 1. Distribution of butterfly species (categorized by habitat preference, DeVries 1987)
among the different traps.
Forest Dependent (15
species total)
Forest Edge and Edge (7
species total)
Open (1 species total)
Generalists (6 species total)

Forest Traps
9

Edge Traps
2

Traps in Banana
5

Traps in Coffee
7

Traps in Pasture
2

3

3

3

5

3

1
4

1
-

1
1

1
4

1
-

Table 2. Results of Fisher’s PLSD post hoc test. Butterfly species abundance was tested for the
effect of habitat.
Banana to coffee
Banana to Pasture
Coffee to Pasture

Mean Difference
-0.522
-.0566
-.033

Critical Difference
0.486
0.486
0.486

P-value
0.0351
0.0251
.8926

Table 3. Results of Fisher’s PLSD post hoc Test. Butterfly species richness was tested for the
effect of habitat.
Banana to coffee
Banana to pasture
Coffee to pasture

Mean Difference
-0.333
-0.056
.278

Critical Difference
0.244
0.244
0.244

P- value
0.0076
.6542
0.0258

Figure 6. Mean number of butterfly individuals ± SD visiting each trap each day (A) and mean
number of butterfly species ± S D visiting each trap each day (B). Habitat type significantly
affected butterfly abundance (2 way ANOVA lambada = 6.39, F – value = 3.19, p = 0.043) and
butterfly species richness (2 way ANOVA lambada = 8.31, F – value = 4.16, p = 0.017). Again,
traps were placed along a forest to agriculture gradient. A = trap 45 m into agricultural land, B =
trap 30 m into agricultural land, C = trap 15 m into agricultural land, D = trap on forest edge, E =
trap 15 m into forest, F = trap 30 m into forest.

